Abstract-This paper presented a feature vector based spatial differential correlation DOA estimation algorithm. The algorithm uses the matrix properties, structure contains only spatial differential matrix of the correlation signal, and its characteristic value eigenvalue decomposition vectors, the value of each feature vector signal corresponds to a group of related, since the set of feature vectors contain all of the information signal. Respectively, the respective feature vector signal group for matrix modeling, address relevant signal loss caused by the matrix rank, to achieve the relevant signal part of DOA estimates. The same number of array elements in the case of the modified algorithm can be estimated up to correlate signal, increasing the number of signals can be estimated to improve the processing capacity of the array element, especially when the signal to noise ratio is less than zero, still has a better estimate performance, and need not divide the array, pore size will not cause the array.
INTRODUCTION
The smart antenna is the antenna array element is composed of a plurality of antennas, pattern shape it by feedback weighted amplitude and phase of automatic adjustment of each array element signal to change the array antenna, so that the main valve at the desired user, null point to users, so as to suppress interference, increase the array antenna gain and signal to interference and noise ratio (SINR), to increase the capacity of system, increase the coverage area, reduce multipath fading and co channel interference, achieve the optimal matching between the antenna and the propagation environment and user and the base station [1] .
Antenna arrays with different array structures, while the array structure and array element spacing, array element arrangement [2] . For the array element spacing generally take 2 (lambda is the wavelength), if set too big to make the correlation between array signal decreases, too small to form the gate valve is not necessary. For the array element mode TD-SCDMA system usually adopts a uniform linear array and circular array when the array [3] . The antenna has M number of array element, is absolutely the array aperture of the array antenna is λ 2 M. System caused by uniform linear array is simple in calculation, but the resolution angle range of only 180 degrees; the system of uniform circular array caused by the calculation is relatively complex, but can be resolved angle is 360 degrees, so it is used widely in engineering.
Smart antenna technology was originally used in radar, sonar, and military communications. Due to price and other factors has not been possible spread to other communication fields. In recent years, with modern digital signal processing technology, the rapid development of digital signal processing chip processing capabilities continue to improve , chip prices have modern communication systems can be accepted. Meanwhile, the use of digital technologies in baseband digital antenna beam forming (DBF), as an alternative to the analog circuit forming an antenna beam of the antenna system is used to improve the reliability and flexibility of smart antenna technology in the mobile communication field starts to be applied, and soon become a research hotspot [4, 5] .
Smart antennas can be used without significantly increasing the complexity of the system to meet the expansion of the capacity of the case requires. Unlike conventional sector antennas and antenna diversity method, the base station transceiver using antennas, for each user to provide a narrow directional beam, the direction of the signal in a limited area of transmission and reception, full use of the signal transmitter power, reduces the signal to bring transmitting electromagnetic pollution and mutual interference [6] . Specifically, the smart antenna in terms of future mobile communication systems to improve performance: (1) to expand the coverage area of the system; (2) to increase system capacity; (3) to improve the frequency utilization efficiency; (4) reducing the base band transmission power, saving system cost, reduce signal interference and electromagnetic pollution. In addition, the smart antenna direction and the propagation delay from the user informed of the user's location, it is a building block from the positioning means, can provide users with new services, such as navigation, emergency assistance [7] .
DOA estimation is not only the core technology of smart antennas, array signal processing is an important field of research in recent years, the rapid rise of an interdisciplinary professional edge technologies [8] . The technology in radar, sonar, communications and seismic signal processing and other fields have a very wide range of applications. In recent years, DOA estimation algorithms achieved fruitful result, the theory has improved steadily, but its application to practice, still many problems to be solved [9] .
With the development of wireless location technology, if we can take advantage of the mobile communication network to provide users with location information, people's lives will bring great convenience. However, due to the complex environment of the communication in the mobile communication network to achieve precise positioning of the mobile terminal there are many technical difficulties to be solved. If the base station with smart antenna, the signal thus obtained valuations and DOA, so you can use two base stations locate the user terminal to a smaller area. Therefore, to achieve an accurate estimate of the signal DOA users, the base station to achieve the targeted mobile users within the cell is a prerequisite for the positioning of mobile users has broad application prospects and a wide range of social and economic benefits [10] .
This paper studies the DOA MUSIC algorithm, focusing on the number of antenna elements, the number of samples is limited, the case of low SNR decrease in resolution MUSIC algorithm, the use of a CD-noise subspace method is improved; another when the incident signal is coherent signals MUSIC algorithm to estimate the accuracy and performance degradation even in case of failure, the use of improved MUSIC algorithm for its improvement. In this study, detailed story of superresolution techniques based on the principle of MUSIC algorithm is given first for smart antenna array MUSIC algorithm analysis model and application of the basic assumptions and preconditions on the basis of detailed classic MUSIC algorithm is given principle and implementation steps. Then the two improved methodsmethods based on the noise subspace spatial spectrum estimation algorithm and improved MUSIC algorithm in depth analysis of the basic principles.
II. RELATED WORK

A. The Principle of Music Algorithm
DOA estimation is to determine the basic problems in space at the same time more than interested in a particular region of the signal spatial location (multiple signal reaches the array reference element orientation angle) [11, 12] . MUSIC algorithm uses the signal subspace and noise subspace orthogonal spectral function space constructed by peak search, detection signal DOA. It is built on the basis of the following assumptions [13] . The configuration of smart antenna was shown in the following Fig. 1 . MUSIC is a signal parameter estimation algorithm, given information includes the number of incoming signals, each signal DOA, strength and the incident signal and the cross-correlation between the noise and so on. MUSIC algorithm, while having a high resolving power, but it requires very precise calibration of the array [14] . MUSIC algorithm is based on the geometrical point of narrowband data model to investigate the signal parameter estimation problem. If there are D M-ary signal incident on the array, the array of the received input data D can be represented as a vector of the incident wave and a linear combination of the noise, as shown in equations 1 and 2 [15] .
B. DOA Estimation Algorithm Research 1) Signal DOA Estimation Algorithm Research
In a mobile communication environment, the signal from the transmitter to the receiver is often a number of different time delay, loss of transmission of different diameter, these factors will lead to the multipath propagation, the formation of large correlation signal, as shown in Figure 2 [16] [17] [18] . The correlation signal will appear enhanced antenna array receive signals, the received signal will cause fading. However, the presence of correlation signal will cause the output data array covariance matrix of the rank loss, resulting in signal subspace and noise subspace mutual penetration, so pass DOA estimation algorithms such as MUSIC algorithm, ESPRIT algorithm fails, can not accurately be DOA estimates [19] . In response to these problems, many domestic and foreign scholars understand the relevant algorithms, ie prior to the signal spectrum estimation pretreatment, the array covariance matrix to restore full rank, the upcoming array covariance matrix and signal restored to the rank of the same number, then using the traditional DOA estimation algorithm to estimate. Currently, decorrelation DOA estimation algorithm generally have the following two categories: one category is dimensionality reduction, at the expense of such algorithms to achieve the effective aperture of the array solution related purposes; another non-dimensionality reduction, compared to the dimension reduction processing algorithms, without sacrificing the effective aperture of the array [20] .
The DOA estimate model of distributed target under mixed noises situation is shown in following Fig 3. The same number of array elements in the case of the modified algorithm can be estimated up to M-1 signal, increasing the number of signals can be estimated to improve the processing capacity of the array element, especially when the signal to noise ratio is less than zero, still has a better estimate performance, and need not divide the array subarray, pore size will not cause the array.
Bsed Radio channel transmission environment is extremely complex, in order to simplify the mathematical model, this paper first mathematical model of the array signal made the following assumptions:
Assumes that the signal is in the far-field direction, that is the signal for the point target and the array antenna in the same plane.
Assumes that the signal propagation medium is uniform (non-dispersion) and isotropic, i.e., signal arrival array antenna can be regarded as a plane wave.
Assumes that the signal is a narrowband signal, the adjacent array element receives the same signal complex envelope, there is only a difference in phase. Narrowband signal generally refers to the effective bandwidth of the signal envelope than in their center frequency of the carrier frequency of a letter to be much smaller number.
Assuming that the signal and noise are subject to widesense stationary random process (also known as zeromean generalized Gaussian stationary over Process), and the signal-to-noise, noise not related to each element of each array element noise has equal power.
DOA estimation algorithms are mainly based ULA, ULA set of M isotropic array element composition, the first array element as a reference element, the adjacent element spacing is d, shown in Figure 4 . The output of each element can be expressed as x 1 (t), x 2 (t)… x M (t). A narrow far-field signal is incident on the array, the array direction of incidence is the angle between the normal to the incident angle θ. Let incident on the array element to the reference signal s(t)e j2/ λ, where s (t) the complex envelope of the signal, λ signal wavelength. As the above definition we can see that the difference in the two signals is a constant complex value when they are interference, so the parameter In the environment with distributed target narrowband signal source, the model can be simplified was: 
3) The Non Correlation Signal DOA Estimation Algorithm
Capon algorithm was also known as the minimum variance method (MVM). The algorithm uses part of the array element is used to expect users to form a beam, the remaining array elements for interference null user form. The algorithm satisfies the following constraint optimization problem that the direction of the user satisfies the desired condition of constant gain, so that the direction of minimum power interfering users.
Algorithm is based on the basic idea is that, no matter how much the incident signal of interest, is always determined only XR is the smallest value of the noise characteristic values. That is, when all the small values XR exactly equal (this corresponds to the large number of array elements with SNR and the number of snapshots great condition), just take them one corresponding to the noise subspace eigenvectors; and when small values distinct. (this corresponds to the small signal to noise ratio and the number of array elements and Snap limited circumstances) only finds the smallest values noise value. Thus, the noise subspace dimension is always 1. The schematic uniform linear array time around was shown in Fig. 5 . Related signals will cause the array output data covariance matrix rank losses, leading to signal subspace and noise subspace mutual penetration, so that the failure of traditional DOA estimation algorithm. Therefore, the covariance matrix of rank correlation algorithm understands the core issues. De-correlation algorithms need to preprocess covariance matrix, to restore full rank, and then using the traditional DOA estimation algorithm to estimate. Prior to the spatial smoothing algorithm only uses forward smoothing method to divide the sub-array, while the forward and backward spatial smoothing algorithm for mining smoothed using a forward and backward smoothing are two ways to divide the matrix.
Array element signals reach different wave path there is a certain difference between the output signal of the adjacent array elements between the wave path is defined as the (11) The signal reaches between two adjacent array elements there is a certain delay, delay τ is (12) where, c is the speed of light. Rule i (1 ≤ i ≤ M) the element of the output signal can be expressed as (13) III. TOEPLITZ MATRIX RECONSTRUCTION BASED ON 
DOA ESTIMATION
A. Properties of Toeplitz Matrix
Since the signal processing and other projects encountered mostly symmetric Toeplitz matrices, and analyze and solve many of the problems are inseparable from symmetric Toeplitz matrix eigenvalues and eigenvectors. Thus research Toeplitz matrices is necessary. Any one main diagonal elements of the same, and in parallel with the main diagonal elements of each diagonal matrix are the same Toeplitz matrices. Observation matrix structure, we will find the Toeplitz matrix is symmetric about its diagonal cross, this symmetry is called skew-symmetric. Toeplitz matrix is usually not symmetric, but it must be skew-symmetric matrices.
From formula (14) the covariance matrix of receive data can be written as:
In the above formula T R is the correlation matrix of non-correlation signal sources and it is Hermite-Toeplitz matrix;
NT R is the correlation matrix of the correlation or interference signal source and it is a Hermite matrix but not a Toeplitz matrix;
T Q is the covariance matrix of mixed noise, and it is Hermite-Toeplitz matrix on the supposing that the noises are balanced and correlated. This chapter begins with analysis of smart antenna structure and basic principles, through the smart antenna in the important field of mobile communications applications and development prospects of the introduction recognize DOA estimation in smart antenna and mobile communication in an important role and status. Then the DOA estimation methods are classified and described in detail several DOA estimation methods to understand the DOA estimation method development process. Meanwhile, with regard to the introduction of the relevant mathematical knowledge but also for the next chapter, the MUSIC algorithm and its improved algorithm analysis has laid a theoretical foundation.
B. Toeplitz Matrix Reconstruction of Improved DOA Estimation Algorithm
MUSIC algorithm theory in the study prior to the analysis of the deduced convenience, first gives DOA spatial spectrum estimation problem in the mathematical model and the following assumptions for an ideal state.
(1) the source of each test has the same polarization, and unrelated. General considerations for the narrowband signal source, and each signal source has the same center frequency. Test signal source number is D.
(2) antenna array is determined by M (M>D) array element consisting of equally spaced linear array, each array element characteristics identical isotropic. Element spacing is d, and the array element spacing is not more than half the wavelength of the highest frequency signal.
(3) of the antenna array in the far field source, i.e. an antenna array receiver coming from each source signal is a plane wave.
(4) the processor's noise variance 2σ zero-mean Gaussian white noise, noise between different array elements are stationary random process, and independent of each other. (5) 
The essence of Toeplitz is computing the average of oblique diagonal elements in covariance matrix, and it can be described as the following formula:
In the formula ij r is the element of covariance matrix and M is the quantity of array elements. The last step is revising the element 
C. Higher Order Cumulant Estimation Algorithm Based on DOA
Algorithm while taking advantage of the received data covariance matrix row, column information, theoretical analysis and simulation results show that the algorithm has better decorrelation properties. The algorithm takes advantage of the data covariance matrix of rows and columns to construct and take the mean of Toeplitz matrices, equivalent to a space before and after smoothing, against error and noise reducing effect element, to improve the estimation performance of the algorithm. Meanwhile, the algorithm uses the unitary transform complex data into real number data, compared with the same conditions, ESPRIT-Like algorithm to calculate the amount reduced.
For any zero-mean stationary random process x, its fourth-order satisfy: (18) Assuming that the channel of the K signal, the incident to the uniform linear array, as shown in Figure 6 , the array M D spacing of omnidirectional array element, and the element 0 as a reference element. 
D. Higher Order Cumulant Based on DOA Estimation
By the above three algorithm and taking into account that input signal contains correlation signal source, we proposed an integrated DOA estimate algorithm which combined the advantage of Toeplitz algorithm and Svd algorithm based on MUSIC estimate algorithm. MUSIC algorithm is a method based on subspace composing, taking use of the of the signal subspace and noise subspace to reconstruct spatial spectrum function that gives an indication of the angles of arrival based upon maxima vs. angle. The integrated DOA estimate algorithm can be described as following steps:
Step one: collecting the input sample
, and estimating the covariance matrix of input signal as the following:
Step two: Making use of the Toeplitz approximating algorithm, get the reconstructed convariance matrix RX which have the Toeplitz character.
Step three: Making use of Svd algorithm to decompose RX in two times, constructing high resolution spatial spectrum estimating of noise subspace VU .
Step four: On the basis of the noise subspace VU calculated before, adopting MUSIC algorithm to construct spatial spectrum function and achieve the estimating DOA value. By Combining formula (1) with formula (2) and formula (3) Theoretical analysis and simulation results show that the algorithm has good performance solutions. This algorithm will be uncorrelated signal and signal separately DOA estimation, reduces interference between each other, without loss of the array aperture, the condition of the same array element number, the improved algorithm can estimate M-1. Number, increased and can estimate the number of signals, improves the array processing ability, especially when the signal-tonoise ratio is less than zero, still has good performance, and without the subarray partition on the array, will not cause the array aperture decreases.
B. Trlated Signal DOA Estimation
Our simualtions are in the nonideal environment. The smart antenna model is uniform 8-element linear array, and the spaces between two elements are half of wavelength 2 d   and contain three narrowband signal sources in the environment of additive Gaussian white noise which variance is 1. The DOA estimate spectrum functions are shown in the Fig. 7 in which traditional music algorithm and our algorithm are respectively implemented with the same simulation environment. In the Fig.7 the x-axis is represent in linear scale and y-axis is represent in logarithm scale. From the pattern of Fig.7 we can see that the spectral peaks of traditional MUSIC algorithm and our algorithm are pointing to DOA, but our algorithm has more sharp spectral peaks and lower sidelobes. Simulation results show that the MUSIC algorithm, in the ordinary circumstances signal DOA estimation, compared with the traditional MUSIC algorithm, improved MUSIC algorithm to estimate the spectrum from the spectrum peak higher, more easily distinguish the signal DOA, and thus more resolution for signal.
The simulation is implemented under the supposing that three narrowband signals propagate to the array, in which the angle of arrival are 60  , 40 and 45 , and the recording number is 1024, in which the signals are noncorrelated and the SNR is 10dB.
The simulation results also show that the adjacent small signal to noise ratio, the traditional MUSIC algorithm has lost the resolution, and the improved MUSIC algorithm can distinguish these signals of DOA. For the coherent signal, the traditional MUSIC algorithm can not distinguish them in DOA, and the improved MUSIC algorithm can effectively distinguish their DOA. It can determine the validity and feasibility of the received signal covariance to preprocess the correctness and the improved MUSIC algorithm. The two algorithms under strong correlation spectrum for DOA estimation was shown in Fig. 8 . 
C. Simulation Results and Analysis
In this simulation three narrowband sources propagate to smart array with the DOA of 13  , 10  , 45 , in which the differences of the sources are conspicuous and the SNR are 5dB, and the recording number is 1024. The DOA estimate spectrum functions are shown in the Fig.9 in which traditional music algorithm and our algorithm are respectively implemented with the same simulation environment. From Fig.9 we can see that in the environment of low SNR traditional MUSIC algorithm and our algorithm both can estimate the DOA of 45 which angle is far away to the other sources and our algorithm have more sharp spectral peaks and lower side lobes. As for the two adjacent angle of 13  and 10  , the traditional MUSIC algorithm can't recognize the multi-DOA with near angle distance and low SNR sources, but our algorithm can effectively estimate this scenario. In the same way large numbers of simulation results have attested the phenomenon. In this simulation we suppose that the DOAs of the three narrowband sources respectively are 60  , 40 and 45 and the recording number is 1024, furthermore the sources are non-correlated and the SNR of the three sources both are 10dB. The above Fig.6 is the DOA estimate pattern of the simulation implemented in traditional MUSIC algorithm and our algorithm, in which the horizontal axis is represent in linear scale and the vertical axis is represent in logarithm scale. From Fig.6 we can see that in the background of mixed color noises the traditional MUSIC algorithm and our algorithm both can estimate the DOA value, and comparatively our algorithm can generate more sharp spectral peaks and lower side lobes in the same SNR.
V. CONCLUSIONS
This thesis smart antenna system signal DOA estimation techniques, the focus is DOA estimation method-MUSIC algorithm and its improved algorithm, aimed at resolving dense signal environment of highresolution and high-precision measuring signal source to locate the problem. This article describes the subspace DOA estimation method -classical MUSIC algorithm, theoretical analysis and simulation under various conditions were compared MUSIC algorithm performance, concluded that under ideal conditions, MUSIC algorithm has higher resolution and estimated accuracy; however, the number of antenna array elements, as well as sampling points less than the SNR is low, MUSIC algorithm performance degradation; when the incident signal is related or coherent signal, MUSIC algorithm failed, unable to distinguish between the signal source DOA. This is due to the limitations of the algorithm itself. Through theoretical analysis and computer simulation and concluded: one-dimensional noise subspace method can not only under ideal conditions and traditional MUSIC algorithm to obtain the same resolution, but also in the number of antenna elements, as well as inadequate sampling points lower SNR non-ideal circumstances can obtain traditional MUSIC algorithm can't achieve resolution and estimation accuracy.
